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L'afectació	de	 l'ull	 sec	 és	 una	de	 les	 condicions	oculars	més	 freqüents.	 Tot	 i	 la	
seva	importància,	els	mètodes	diagnòstics	utilitzats	presenten	certes	limitacions,	
és	per	això	que	avui	dia	no	existeix	cap	referència	clara	per	a	la	diagnosis	de	l'ull	
sec.	 Per	 aquest	 motiu,	 són	 necessàries	 noves	 tecnologies	 econòmiques	 i	 no	





L'objectiu	 d'aquest	 projecte	 era	 millorar	 el	 sistema	 esmentat	 anteriorment,	
augmentant	el	diàmetre	de	l’àrea	de	mesura	amb	un	nou	disseny	òptic.	Aquesta	
nova	 configuració	 va	 mostrar	 un	 comportament	 semblant	 al	 de	 l'anterior	
sistema.	Tot	 i	així,	el	diàmetre	de	l’àrea	mesurada	era	més	petit	que	el	calculat	
teòricament.	 Es	 van	 estudiar	 diverses	 raons	 que	 podrien	 explicar	 aquest	
inconvenient:	la	distribució	Gaussiana	de	la	intensitat	del	làser,	el	mateix	làser	i	
la	 lent	 d'incidència	 utilitzada.	 Els	 resultats	 obtinguts	 suggereixen	 que	 la	 lent	
d'incidència	 hi	 podria	 influir,	 per	 tant,	 si	 en	 futurs	 projectes	 es	 treballa	 aquest	













El	 síndrome	del	ojo	 seco	es	una	de	 las	 condiciones	oculares	más	 frecuentes.	A	
pesar	 de	 su	 importancia,	 los	métodos	 diagnósticos	 utilizados	 presentan	 ciertas	
limitaciones,	es	por	eso	que	hoy	en	día	no	existe	ninguna	referencia	clara	para	la	
diagnosis	 del	 ojo	 seco.	 Por	 este	 motivo,	 se	 necesitan	 nuevas	 tecnologías	
económicas	y	no	 invasivas	para	el	uso	clínico.	De	esta	forma,	en	el	CD6-UPC	se	
propuso	un	nuevo	método	para	diagnosticar	el	síndrome	del	ojo	seco,	basado	en	




El	 objetivo	 de	 este	 trabajo	 era	mejorar	 el	 sistema	mencionado	 anteriormente,	
aumentando	el	diámetro	del	área	de	mesura	con	un	nuevo	diseño	óptico.	Esta	
nueva	 configuración	 mostro	 un	 comportamiento	 parecido	 al	 del	 anterior	
sistema.	 Aun	 así,	 el	 diámetro	 del	 área	 mesurada	 era	 mas	 pequeño	 que	 el	
calculado	teóricamente.	Se	estudiaron	diversas	razones	que	podrían	explicar	este	
inconveniente:	la	distribución	Gaussiana	de	la	intensidad	del	laser,	el	propio	laser	
i	 la	 lente	de	incidencia	utilizada.	Los	resultados	obtenidos	sugieren	que	la	 lente	
de	 incidencia	 podría	 influir,	 por	 lo	 tanto,	 si	 en	 futuros	 proyectos	 se	 trabaja	 en	
este	aspecto	se	podría	llegar	a	una	solución.	Además,	también	se	observó	que	el	











Dry	Eye	Disease	 (DED)	 is	one	of	 the	most	commonly	clinically	diagnosed	ocular	
conditions.	 Despite	 its	 importance,	 the	 diagnostic	 methods	 suffer	 due	 to	
significant	 limitations.	 Thus,	 currently,	 there	 is	 still	 no	 gold	 standard	 method	
used	 for	 dry	 eye	 diagnosis	 and	 new	 inexpensive	 and	 easy	 to	 use	 tools	 are	
required	in	clinical	practice.	In	this	sense,	a	new	method	for	DED	diagnosis	based	
on	 corneal	 reflex	 image	 degradation	was	 proposed	 at	 CD6-UPC.	 However,	 this	




new	 optical	 design.	 The	 new	 setup	 showed	 a	 similar	 performance	 when	
compared	to	the	original,	and	the	recorded	images	were	comparable.	However,	
the	measured	area	was	smaller	than	the	expected	theoretical	diameter.	Several	
reasons	 that	 could	 explain	 these	 differences	were	 studied,	 including:	 Gaussian	
beam,	the	laser	source	and	the	incidence	lens	used.	Changing	the	objective	lens	
may	be	a	factor	to	avoid	he	limitation	in	the	measured	diameter,	and	more	work	
is	 to	be	done	 in	 this	 sense.	Moreover,	 the	 system	has	been	observed	as	being	










































In	 the	 last	 years	 the	understanding	of	 dry	 eye	has	 considerably	 improved,	 and	
different	definitions	have	been	published	before	the	new	one	in	2017	from	the	
Tear	 Film	 &	 Ocular	 Surface	 Society	 (TFOS),	 in	 the	 TFOS	 Dry	 Eye	 Workshop	 II	
(TDOS	 DEWS	 II)	 report.	 The	 earliest	 definitions	 reflected	 the	 relevance	 of	 tear	
film	quality	as	well	as	quantity	as	a	cause	of	dry	eye	whereas	the	latest	led	to	a	
revised	 definition	 that	 focused	 on	 the	 clinical	 effects	 and	 associated	 signs.	 [1]	




homeostasis	 of	 the	 tear	 film,	 and	 accompanied	 by	 ocular	 symptoms,	 in	 which	





guide	 diagnosis	 and	 ultimately	 improve	 patient	 care	 through	 appropriate	
treatment.	However,	it	has	also	undergone	different	changes	through	the	years.	
Two	primary	and	separate	categories	were	identified,	aqueous-deficient	dry	eye	
and	 evaporative	 dry	 eye,	 with	 their	 corresponding	 sub-classifications.	 But,	 the	
last	report	presented	by	the	TFOS	DEWS,	attempt	to	“remove	any	perception	of	















Prevalence	 estimates	 for	 DED	 vary	 depending	 on	 the	 characteristics	 of	 the	




The	most	common	diagnostic	methods,	which	are	going	 to	be	described	 in	 the	
following	 sections,	 have	 some	 disadvantages	 that	 could	make	 DED	 prevalence	






exam	 in	 clinical	practices.	 Therefore,	 the	methods	 to	be	used	 in	DED	diagnosis	
should	be	manageable	and	affordable,	making	 it	easier	 to	be	applied	 in	clinics.	
Most	of	 the	used	techniques	on	DED	diagnosis	have	drawbacks	represented	by	
being	 subjective,	 depending	 on	 the	 practitioner’s	 input,	 and/or	 invasive	where	
there	is	a	direct	contact	with	the	patient	which	could	alter	the	ocular	surface	and	





should	 be	 taken	 into	 account	 when	 diagnosing	 DED	 are:	 age,	 sex,	Meibomian	
gland	 dysfunction,	 contact	 lens	 wear,	 Sjorgren	 syndrome,	 environmental	
exposures,	refractive	surgery,	diabetes,	etc.	Detailed	explanation	can	be	found	in	












essential	 for	 the	 human	 eye	 to	 ensure	 its	 health	 and	 comfort.	 It	 provides	 the	
primary	refracting	surface	for	light	entering	the	visual	system	as	well	as	creating	





by	 Wolff,	 was	 a	 three-layered	 model,	 simple	 and	 logic	 [6,7].	 But	 after	 some	
research	it	is	more	believed	that	the	film	structure	can	be	described	with	a	two-
layered	 model	 with	 the	 mucous	 and	 aqueous	 layers	 forming	 one	 gel	 layer	
(mucoaqueous	 layer)	beneath	the	 lipid	 layer.	The	 lipid	 layer	plays	an	 important	
role	 in	 maintaining	 stability	 and	 it	 is	 believed	 to	 reduce	 the	 rate	 of	 tear	 film	
evaporation	 from	 the	 cornea.	 The	 mucoaqueous	 layer	 provides	 lubricity	 and	
helps	all	 the	tear	 film	to	adhere	to	the	eye.	 [1,2]	The	whole	tear	 film	thickness	
has	 been	 proposed	 to	 be	 3	 μm	using	 reflection	 spectra	 of	 the	 precorneal	 tear	
film.	[8]	
The	majority	 of	 the	 tear	 is	 secreted	 by	 the	 lacrimal	 gland,	 showed	 in	 figure	 2,	










Tear	 film	 formation	 is	 of	 great	 interest	 to	 understand	 how	 this	 surface	works.	









layer	 is	 the	 first	 to	 be	 extended	 followed	 by	 the	 distribution	 of	 the	 excessive	








There	are	specific	aspects	 regarding	 to	 the	eye	 that	are	affected	when	dry	eye	







symptoms	 is	 a	 significant	 screening	 tool	 that	 can	 assist	 in	 further	 DED	 clinical	
evaluation.	Therefore,	 it	 is	 recommended	to	administrate	a	validated	symptom	
questionnaire	 when	 communicating	 with	 the	 patient.	 The	 most	 widely	 used	















Tear	 film	 volume	 is	 a	 significant	 feature	 for	 ocular	 surface	 health.	 It	 can	 be	
measured	 with	 different	 tests	 as;	 meniscometry	 (tear	 meniscus	 assessment),	





Osmolarity	 is	 the	main	aspect	that	has	to	be	considered	talking	about	tear	 film	
composition,	which	changes	when	dry	eye	occurs.	Tear	film	osmolarity	has	been	
frequently	 reported	 as	 one	 of	 the	 best	 metric	 to	 diagnose	 and	 classify	 DED,	





Patients	 with	 DED	 can	 have	 the	 ocular	 surface	 damaged	 in	 different	ways.	 To	
measure	 how	 this	 surface	 is	 damaged	 there	 are	 various	 tests;	 ocular	 surface	
staining,	 impression	 cytology	 technique,	 Lid	 Parallel	 Conjunctival	 Folds	 test,	 in-
vivo	confocal	imaging	and	ocular	surface	sensitivity	test.	The	most	appropriated	
diagnostic	technique	for	ocular	surface	damage	is	the	corneal	staining	because	it	


















situation,	 it	 is	 very	 important	 to	 observe	 them	 before	 proceeding	 with	 any	





Finally,	 impaired	tear	 film	stability	has	been	one	of	 the	 fundamental	diagnostic	
criteria	 for	 diagnosing	 abnormality	 of	 the	 tear	 film	 as	well	 as	 one	 of	 the	most	
used	techniques	for	DED	diagnose.	[14]		
	
Tear	 film	 has	 its	 own	 regeneration	 progress	 that	 takes	 place	 after	 each	 blink	
during	 a	 few	 seconds,	 but	 then	 it	 starts	 to	 degrade	 and	 finally	 breaks	 up	 [14].	
Although	there	 is	not	accordance	on	how	the	rupture	of	the	tear	film	happens,	
there	is	a	general	agreement	about	the	appearance	of	dry	spots	or	break	ups	in	
the	 tear	 film	 when	 blinking	 is	 prevented	 [15].	 Moreover,	 the	 tear	 film	 layer	















tear	 flow	 measure.	 Among	 these,	 BUT	 measurement	 is	 considered	 to	 be	 the	
most	common	technique	for	DED	diagnosis.		
	
Up	 to	date,	 techniques	 for	 dry	 eye	diagnose	 could	be	 classified	differently.	On	
the	 one	 hand,	 the	 most	 widely	 used	 techniques	 in	 clinical	 practice	 can	 be	
classified	 in	the	group	of	conventional	and	traditional	techniques.	On	the	other	
hand,	within	new	techniques	group,	some	of	them	based	on	new	technologies,	











There	 are	 different	 ways	 to	measure	 the	 tear	 film	 break-up	 time;	 all	 of	 them	






Sodium	 fluorescein	 is	 the	product	used	 for	TBUT	 technique.	 It	 is	 instilled	using	
either	micropipette	or	more	commonly	impregnated	strips,	to	enhance	visibility	




blinking,	 the	 tear	 film	 is	 observed	 under	 a	 broad	 beam	 of	 cobalt	 blue	
illumination.	A	TBUT	under	10	seconds	is	considered	abnormal.	[16]	
	
This	 method	 is	 most	 commonly	 used	 in	 clinics	 due	 to	 its	 simplicity	 and	
affordability.	 However,	 fluorescein	 reduces	 the	 stability	 of	 the	 tear	 film	 and	









develop	non-invasive	methods,	such	as	 the	assessment	of	pre-corneal	 tear	 film	
BUT	without	the	use	of	 fluorescein	 (non-invasive	BUT).	NIBUT	techniques	using	
instruments	such	as	the	grid	xeroscope	or	tearscope	allowed	an	evaluation	of	the	
tear	 film	 without	 any	 physical	 disturbance	 of	 the	 film	 from	 the	 instillation	 of	
fluorescein	and	neither	the	possibility	of	reflex	tearing.		
	
However,	NIBUT	did	not	 find	widespread	acceptance	 in	 clinical	practice	due	 to	
problems	 in	 quantification	 of	 tear	 film	 stability,	 because	 the	 results	 are	
dependent	on	the	practitioner,	which	means	that	is	still	subjective.	It	is	true	that	












designed	 to	provide	 rapid	 assessment	of	 the	 symptoms	of	 the	ocular	 irritation	
consistent	with	dry	eye	disease	and	their	impact	in	vision-related	functioning.	It	





























































and	management	 of	 DED.	 Staining	 of	 the	 cornea	 occurs	 preferentially	 over	 its	
lower	part,	often	more	nasally	than	temporally	and	frequently	in	continuity	with	
the	 bulbar	 conjunctival	 stain.	 The	 most	 frequently	 used	 dyes	 are	 sodium	
fluorescein,	rose	Bengal	and	lissamine	green.	[12,	22]	
	
The	 three	 dyes	 act	 differently	 when	 instilled	 in	 the	 eye.	 Sodium	 fluorescein	
diffuses	rapidly	whenever	viable	cells	experience	a	compromise	to	their	integrity	
that	is	into	tissues	in	the	presence	of	an	epithelial	defect.	[22]	Rose	Bengal	stains	
ocular	 surface	 epithelial	 cells	 that	 are	 unprotected	 by	mucin	 or	 glycocalyx,	 as	
well	 as	dead	or	degenerated	 cells.	And	 finally,	 lissamine	green	 stains	epithelial	





for	 the	patient.	On	 the	other	hand,	 sodium	 fluorescein	and	 lissamine	green	do	







According	 to	 the	 TFOS	 DEWS	 II,	 corneal	 and	 conjunctival	 staining	 have	 been	
shown	 to	 be	 informative	 markers	 of	 disease	 severity	 on	 the	 severe	 DED;	
however,	 staining	 of	 the	 ocular	 surface	 in	 mild/moderate	 DED	 showed	 poor	
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In	 recent	 years,	 big	 efforts	 have	 been	 made	 to	 develop	 objective	 and	 non-











Tear	 Stability	 Analysis	 System	 (TSAS)	 for	 the	 TMS-2N	 corneal	 topography	
instrument,	 in	Japan.	This	programme	takes	10	consecutive	corneal	topograms,	
as	shown	in	figures	4	and	5,	one	per	second	for	10	seconds	(see	[24]	for	method	
details).	 Therefore,	 TSAS	 can	 detect	 subtle	 time-wise	 changes	 in	 the	 tear	 film	
deriving	 data	 from	 the	 distortion	 of	 the	 mire	 rings.	 The	 efficacy	 of	 the	 TSAS,	
using	 videokeratography	 as	 a	 non-invasive	 and	 an	 objective	 method	 of	 tear	













































layer	and	 from	 interface	between	 that	 layer	and	 the	aqueous	 layer	of	 the	 tear	






























Although	 lateral	 shearing	 interferometry	 is	one	of	 the	methods	 that	meets	 the	







Patients	with	 dry	 eye	 disease	 normally	 have	 a	 decrease	 in	 their	 tear	meniscus	





and	 ability	 to	 provide	 detailed	 information	 about	 the	 ocular	 surface	
noninvasively.	 Due	 to	 its	 high	 resolution,	 this	 method	 captures	 Scans	 of	 the	









the	 tear	 film	 dynamics	 visualization	 using	 spectral	 domain	 optical	 coherence	




This	 approach	 could	 be	 used	 in	 clinical	 setting	 to	 study	 patients	 with	 dry	 eye	
disease	and	monitor	their	treatments.	However,	it	would	be	necessary	to	acquire	











In	 double-pass	 technique,	 series	 of	 consecutive	 retinal	 images	 are	 recorded	
every	 0.5	 seconds	 while	 the	 patient	 avoids	 blinking.	 Measurements	 are	
performed	 under	 low-light	 conditions	 to	 naturally	 increase	 pupil	 diameter	 and	
maximize	the	method’s	sensitivity.	From	the	retinal	images	a	quality	metric	that	
measures	 the	 spread	 of	 light	 of	 the	 retinal	 image	 is	 calculated,	 the	 intensity	
distribution	index.	Then,	an	objective	TBUT	value	is	estimated	in	each	eye	when	
the	 intensity	 distribution	 index	 surpasses	 a	 defined	 threshold	 value	 compared	
with	the	initial	baseline.	[32]		
	












As	 explained	 in	 the	DEWS	 report,	 up	 to	date,	 no	 gold	 standard	 that	 correlates	
perfectly	with	the	dry	eye	diagnosis	has	been	established	[12].	Moreover,	some	












potentiality	 of	 a	 novel	method	 for	measuring	 the	 break	 up	 time	 based	 on	 the	

























It	 was	 seen	 that	 the	 corneal	 reflex	 image	 quality	 depended	 on	 the	 tear	 film	
quality,	 which	 meant	 that	 after	 blinking,	 when	 the	 tear	 film	 was	 a	 smooth	
surface,	there	was	a	regular	image,	similar	to	a	PSF2.	Contrary,	when	blinking	was	
prevented	 and	 the	 tear	 film	 degraded,	 so	 did	 the	 corneal	 reflex	 image,	 as	












With	 these	 results,	 it	 could	 be	 proved	 the	 potentiality	 of	 the	 idea	 to	measure	
tear	film	dynamics	and	more	specifically	tear	film	break-up	time	in	an	objective	
and	 non-invasive	 manner.	 However,	 the	 setup	 had	 a	 main	 drawback:	 the	
diameter	of	the	measured	area	was	small,	more	specifically	was:	1.69mm.		
	
With	 this	 diameter	 the	 clinical	 application	 of	 the	 measurements	 would	 be	
limited,	because	the	eye	 is	big	compared	with	this	diameter,	 thus	the	tear	 film	
could	broke	somewhere	else	of	the	eye.	
	







The	 scheme	shows	also	how	 the	 light	acts.	 In	 red	 is	 represented	 the	 incidence	
light,	which	was	collimated	and	it	reached	the	eye.	The	reflected	light	is	shown	in	
blue.	As	the	incident	light	was	collimated,	the	image	of	this	light	was	formed	at	




























𝑑1+𝑑2 ×𝑑2 = 1.69𝑚𝑚	
	














To	 combine	 the	 two	 first	 ways	 in	 a	 new	 setup	was	 decided;	 therefore,	 it	 was	
constructed	with	 a	 larger	 diameter	 of	 the	 lens	 and	 a	 shorter	 focal	 length.	 But	

























Lens	Ф	(mm)3	 f’	(mm)	 Dist_lens_eye	(mm)	 Ф	effective	(mm)4	





Besides	 the	 lens,	 there	were	more	changes	 in	 the	second	setup.	Firstly,	as	 it	 is	
shown	in	figure	11,	the	beam	splitter	was	removed	and	there	were	changes	on	
the	position	of	 the	elements.	The	 light	source,	 located	on	the	 temporal	 side	of	
the	left	eye	with	an	incidence	angle	of	27	degrees	relative	to	the	optical	axis	of	
the	eye,	it	consisted	of	an	infrared	laser	diode	(λ	=	780	nm)	coupled	to	an	optical	
fibre	 and	 collimated.	 The	 light,	 after	 being	 reflected	 on	 the	 tear	 film,	 goes	
through	a	lens	(L1)	with	a	focal	length	of	50	mm	and	a	diameter	of	50	mm,	and	
then	recorded	using	a	CCD	camera	(CCD	1).	The	images	seen	on	the	CCD	1	were	








































With	 the	 built	 setup,	 seen	 in	 figure	 12,	 it	 was	 proved	 that	 this	 setup	 allowed	





An	 image	 processing	 was	 required	 in	 order	 to	 objectively	 determine	 the	
occurrence	 of	 such	 break	 ups.	 Among	 all	 the	 different	methods	 that	 could	 be	







For	 this	 purpose,	 the	 image	was	binarized	 (Figure	 13)	 and	 the	 structures	were	





reflex	 image	 remained	 the	 same	 and	 the	 number	 of	 counted	 structures	 was	
almost	equal.	Nevertheless,	at	 the	moment	of	 the	brake	up,	 the	corneal	 reflex	
image	was	degraded	 and	 the	number	of	 structures	 increased	dramatically.	 For	
this	 reason,	 the	 BUT	 was	 assigned	 to	 the	 moment	 when	 the	 number	 of	
structures	 rose	 up,	 which	 corresponded	 with	 the	 end	 of	 the	 horizontal	





The	 images	 obtained	 with	 the	 experimental	 setup	 were	 reproduced	 in	
simulations	 using	Matlab,	 such	 as	 the	 ones	 in	 figure	 15,	 trying	 to	 recreate	 the	
most	 real	 situation	 of	 what	was	 happening	 on	 the	 cornea.	 In	 the	 presence	 of	
break	 up,	 the	 light	 reflected	 by	 the	 surface	 was	 simulated	 as	 a	 beam	 with	
constant	amplitude	and	 local	phase	variations	at	 the	 location	of	 the	breaks	up,	
Figure	 14.	 Number	 of	 structures	 counted	 plotted	 against	 time	 after	 blinking	 for	





randomly	 along	 the	 pupil.	 With	 methodology	 described	 in	 reference	 [34],	 the	
amplitude	and	the	phase	at	the	observation	plane	were	computed,	and	with	this	




0	 to	a	 lot	of	 them.	 In	 the	 second	 line,	 the	 focused	beam	was	 simulated	 to	 see	
how	 the	 image	was	 and	 also	 compared	 to	 the	 third	 line	where	 the	 beam	was	
defocused.	As	expected,	the	corneal	reflex	images	degradation	was	proportional	
to	 the	 number	 of	 breaks	 up	 simulated,	 even	 though	 the	 simulation	 had	 some	
differences	from	the	real	situation.	And	it	was	also	confirmed	that	it	was	easier	


















All	 in	all,	 it	has	been	seen	that	DED	 is	one	of	 the	most	 frequently	encountered	
ocular	 conditions.	 Although	 it	 is	 clear	 that	 DED	 prevalence	 is	 high,	 it	 still	 has	









commonly	 breaks	 from	 the	 periphery	 [35]	 For	 all	 this	 reasons,	 the	 aim	 of	 this	
work	is	to	improve	the	previously	mentioned	setup	developed	by	Aldaba	et	al.	in	













The	 application	 of	 the	 second	 setup	 in	 clinical	 environment	 highlighted	 the	
capability	of	the	method	for	measuring	the	break	up	time	in	daily	clinic	(due	to	
being	simple	and	easy	to	use),	but	also	showed	a	drawback	due	to	the	measured	
area.	 The	 almost	 4mm	of	 diameter	 of	measured	 area	were	 insufficient	 for	 dry	
eye	 diagnosis,	 mainly	 due	 to	 the	 appearance	 of	 the	 first	 dry	 spots	 in	 the	
peripheral	 area	 rather	 than	 in	 the	 center.	 	 Thus,	 in	 this	 section	 the	 tentative	






area	consisted	on	shorter	 focal	 length	and	 larger	diameter,	but	showed	 limited	
results	 (almost	4mm	of	diameter).	To	solve	 the	diameter	problem,	a	change	 in	
the	incidence	vergence	is	proposed	in	the	new	set	up.	
	
When	the	 incidence	vergence	of	the	 laser	 is	changed,	the	 image	 is	created	 in	a	
different	 position	 (different	 from	 f’	 in	 the	 first	 setups)	 and	 thus	 the	 corneal	
















The	 easiest	 way	 to	 calculate	 the	 approximate	 diameter	 is	 triangulating,	 as	 in	
figure	 17.	 It	 is	 known	 that	 the	 incidence	 lens	 has	 a	 f’=50mm	 and	 a	 Ф=50mm	


















The	 proposed	 setup	 includes	 different	 specific	 material,	 which	 is	 going	 to	 be	



































































































It	 is	 a	 lens	 from	 Edmund	 optics,	 reference	 #32978	 [37].	 As	 it	 is	 specified	 in	



























































The	 CCD	 camera,	 the	 one	 in	 figure	 23,	 used	 is	 from	 IDS	 Imaging	 development	

















































The	described	material	 is	 the	 one	 that	was	 going	 to	 be	 used	 to	 build	 the	 new	
setup.	Within	this	configuration,	the	light,	figure	15,	emerges	from	the	fibre	laser	
(λ=780nm),	which	 is	 situated	at	344.52	mm	 (BFL)	 from	 the	back	 surface	of	 the	
collimating	 lens.	Once	 the	 beam	 is	 collimated,	 it	 reaches	 to	 the	 beam	 splitter.	
The	BS	is	placed	with	an	angle	of	45º,	relative	to	the	axis	of	the	beam,	in	order	to	
reflex	 the	 light	 with	 an	 angle	 of	 90º	 towards	 the	 incidence	 lens.	 As	 a	
consequence	of	 this	 configuration,	 the	beam	 is	 collimated	 and	well	 centred	 to	
the	incidence	lens,	the	one	with	an	EFL	of	50mm.	After	passing	through	the	lens,	
the	beam	focuses	at	the	EFL,	which	is	50	mm,	where	the	centre	of	curvature	of	
the	 patients	 eye	 is	 situated.	 The	 cornea	 acts	 like	 a	mirror,	 therefore,	 the	 light	



















image	 defocused,	 as	 in	 the	 previous	 setups	 [34].	 The	 images	 are	 better	
defocused	because	any	change	in	them	is	easier	to	detect.	The	programme	called	


























When	each	of	 the	elements	was	at	 its	precise	position,	as	seen	 in	 figure	24,	 to	
record	 some	 images	 with	 an	 artificial	 eye	 was	 possible.	 These	 images,	 one	 of	
them	 showed	 in	 figure	 25,	 were	 compared	 with	 the	 ones	 obtained	 in	 the	








































between	 their	 refractive	 indexes,	 being	 1,376	 in	 the	 cornea	 and	 1,336	 in	 the	
humour	 vitreous	 [40].	 These	 two	 characteristics	 leads	 to	 only	 have	 one	 visible	
image	when	a	real	eye	is	measured,	not	as	with	the	artificial	eye.	For	instance,	in	
figure	26,	 it	 can	be	 seen	 the	double	 image	 created	by	 the	 two	 surfaces	of	 the	
artificial	 cornea.	 The	 front	 surface,	 where	 tear	 film	 break	 up	 time	 has	 to	 be	
observed,	is	the	biggest	image,	where	the	contact	lens	is	lies	on.	
	
In	order	 to	see	 if	 there	 is	degradation	of	 the	registered	corneal	 reflex	 image,	a	
sequence	of	images	with	a	contact	lens	on	the	artificial	eye	was	recorded	during	








These	 first	 results	 showed	that	 the	setup	was	properly	working.	Therefore,	 the	







Licznerski	 [36]	and	Dubra	 [27],	 so	 that	 the	 incident	beam	 is	normal	 to	 the	 tear	
surface.	 This	 means	 that	 the	 cornea	 has	 to	 be	 placed	 at	 8	 mm	 ahead	 of	 the	
focusing	point	of	the	lens,	therefore	is	where	the	measured	area	was	calculated.	
	












wasn’t	working	as	 it	had	 to	due	 to	some	problem	 in	 it,	or	 that	 the	method	 for	
calculating	the	measured	area	wasn’t	the	appropriate	one.	Thus,	it	was	decided	
to	 use	 the	 camera	 sensor	 to	 calculate	 how	 the	 diameter	 of	 the	 beam	 was	
changing	with	the	distance	after	the	incidence	lens.	This	process	was	designed	to	
determine	the	validity	of	the	practice	with	respect	to	the	theory.	If	the	diameter	
of	 the	beam	was	8mm,	 at	 an	8mm	distance,	 from	 the	 lens	 the	practice	would	
concur	with	the	theory.		
	
The	camera	without	 its	 lens	assembly	was	settled	at	the	focus	of	the	 incidence	
lens	and	moved	closer	to	 it	 in	1mm	steps.	 In	each	position	the	diameter	of	the	
light	beam	at	the	sensor	was	measured.	With	the	uEye	programme	the	number	
of	pixels	could	be	counted.	And	as	the	resolution	of	the	camera	was	known,	5.3	





































In	 figure	27	 the	measured	diameter	of	 the	 light	beam	 for	 each	position	of	 the	





theoretical	 area.	 For	 example,	 for	 the	 specific	 position	 of	 8mm,	 the	 corneal	











they	emit	beams	with	a	Gaussian	 intensity	profile,	 seen	 in	 figure	28	and	29.	 In	













































new	 configuration.	 That	 could	 mean	 either	 the	 pinhole	 wasn’t	 improving	 the	
intensity	 distribution	of	 the	beam,	or	 that	 the	Gaussian	beam	distribution	was	
not	 affecting	 the	 measured	 area.	 To	 prove	 what	 was	 really	 happening,	 the	
















































Knowing	 the	 w0,	 the	 other	 diameters	 were	 calculated	 with	 the	 equation	 that	
described	the	Gaussian	beam	radius	w	(x)	[42]:	
	








A	graph,	 figure	31,	was	plotted	with	 the	 results	of	 the	 theoretical	diameter,	 in	










































Once	 the	Gaussian	 beam	distribution	was	 discarded,	 the	 laser	was	 tested	 as	 a	








































Finally,	 the	 last	option	 considered	was	 to	 change	 the	 incidence	 lens	and	prove	
whether	 it	 affected	 the	 measured	 area.	 For	 this	 reason,	 two	 different	 lenses	
were	 settle	 at	 the	 incidence	 lens	 position,	 and	 the	 diameter	 at	 different	
distances	was	measured.		
	






































The	behaviour	of	the	beam	using	the	 lens	nº	2	 is	 the	same	as	with	the	original	
lens,	 the	 diameter	 doesn’t	 increase	 linearly	 and	 is	 smaller	 than	 it	 should	 be.	
















































settled	 in	 its	 position,	with	 no	 displacement	 relative	 to	 the	 optimum	 position,	
z=0.	With	this	configuration,	while	the	artificial	eye	was	moved	in	steps	of	1	mm	
in	 the	 z-axis,	 pictures	 were	 recorded	 for	 each	 of	 the	 positions.	 For	 every	







Distance	(mm)	 Nº	of	pixels	 Diameter	(mm)	 %	of	the	0	
position	
-2	 35	 0,1855	 11,2903	
-1	 190	 1,007	 61,2903	
0	 310	 1,643	 100	
+1	 565	 2,9945	 182,2580	
+2	 905	 4,7965	 291,9354	
Figure	31.	Sequence	on	images	of	the	artificial	eye	with	steps	of	1	mm	forward	to	the	lens.		







millimetre	 closer	 to	 the	 lens,	 the	 image	 increased	almost	 twice	 the	 size	of	 the	
original	 image.	 On	 the	 contrary,	 when	 the	 artificial	 eye	 was	 one	 millimetre	
further,	 the	 image	 decreased	 half	 the	 size	 of	 the	 original	 image.	 When	 the	










increases	 dramatically	 and	 the	 effective	 one	 doesn’t.	 However,	 when	 the	
measurements	were	 taking	 place,	 it	 was	 observed	 that	 going	 backwards	 to	 -2	
mm,	the	image	seemed	to	increase	a	lot.	
	


















Theoretically,	 the	 proposed	 setup	 was	 capable	 of	 increasing	 the	 measured	
diameter	to	8mm	from	the	previous	configuration,	while	the	effective	diameter	
was	 2,19	 mm.	 These	 results	 did	 not	 correlate	 with	 the	 ones	 proposed	 by	
Licznerski	 [36]	 and	 Dubra	 [27]	 where	 it	 was	 ensured	 that	 an	 8	mm	measured	




First	of	 all,	 it	was	believed	 that	 the	Gaussian	beam	distribution	 could	affect	 to	
the	size	of	the	measured	area.	Therefore,	a	new	configuration	with	a	pinhole	and	
a	 diffusor	 was	 settled	 on	 the	 setup,	 which	 tried	 to	 improve	 the	 intensity	






In	 the	 second	 place,	 a	 new	 laser	was	 used	 to	 see	 if	 this	was	 the	 origin	 of	 the	
issue.	 Although	 the	 results	 of	 the	 measured	 area	 were	 slightly	 bigger,	 the	
behaviour	of	the	beam	was	still	the	same	as	with	the	previous	laser;	the	effective	






Seeing	 that	 none	 of	 the	 elements	 tried	 before	was	 the	 problem,	 it	was	 finally	










In	addition	 to	 the	 small	diameter,	 the	 setup	was	 sensitive	 to	 small	 changes	on	
the	position	of	the	patient.	That	is	a	considerable	drawback	when	talking	about	





Within	 this	project	 it	has	been	worked	 for	 the	 improvement	on	 the	size	of	 the	
measured	 area	 of	 a	 new	 technique	 that	was	 started	 for	 a	 laboratory	 group	 in	
CD6,	so	as	to	diagnose	DED	measuring	the	tear	film	stability.	The	new	design	it	
was	 based	 on	 configuration	 a	 proposed	 by	 Licznerski	 [36]	 and	 Dubra	 [27].	
However,	the	conducted	tests	demonstrate	that	the	measured	area	described	by	
Licznerski	and	Dubra	and	supported	 for	 the	 theory,	 is	not	 the	area	obtained	 in	
the	constructed	setup.	Having	considered	a	number	of	causes	that	could	explain	
the	 reduced	 area,	 no	 clear	 explanation	 has	 been	 found	 for	 the	 differences	
between	 the	 effective	 results	 and	 what	 the	 theory	 and	 other	 authors	 say.	
Nevertheless,	 our	 results	 suggest	 that	 the	 incidence	 lens	 could	play	 a	 role	 and	
future	work	in	this	line	could	lead	to	a	solution	of	the	found	problem.	Moreover,	
it	 has	 been	 observed	 a	 significant	 change	 on	 the	 image	 with	 only	 a	 1	 mm	
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